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A i r c r a f t  systems i n h e r e n t l y  possess a v a r i e t y  o f  p o t e n t i a l  f i r e  and 
e x p l o s i o n  hazards,  which f rom t i m e  t o  t i m e  c o n t r i b u t e  t o  equipment and p r o p -  
e r t y  damage and/or  personnel  i n j u r i e s  and f a t a l i t i e s .  H i s t o r i c a l l y ,  a i r c r a f t  
mishaps have f r e q u e n t l y  t r i g g e r e d  i n t e n s e  research  and eng ineer ing  e f f o r t s  
d i r e c t e d  a t  improv ing  s e l e c t e d  aspects  o f  t h e  o v e r a l l  f i r e  p r o t e c t i o n  problem. 
For  m i l i t a r y  a i r c r a f t ,  t h e  f i r e  and e x p l o s i o n  damage and l o s s  exper iences i n  
combat, such as i n  southeas t  As ia  i n  t h e  l a t e  1960 's  and e a r l y  197O's, p r o -  
v ided  a d d i t i o n a l  impetus f o r  t h e  enhancement o f  s u r v i v a b i l i t y  under va r ious  
h o s t i l e  t h r e a t  o p e r a t i o n a l  env i ronments.  ' loday's c i v i l  and m i l i t a r y  a i r c r a f t  
a r e  exemplary b o t h  i n  performance c a p a b i l i t y  and o v e r a l l  system s a f e t y ,  o f  
which f i r e  s a f e t y  i s  a key i n g r e d i e n t .  
a r e  l a r g e l y  more d i v e r s i f i e d  than  those a n t i c i p a t e d  w i t h  s p a c e c r a f t ,  p e r  se, 
i t  i s  i n tended  t h a t  by r e v i e w i n g  key aspects  o f  r e c e n t  a i r c r a f t  f i r e  s a f e t y  
research  a c t i v i t i e s ,  t h e  genera l  ph i l osophy  o f  approach, i f  n o t  t h e  s p e c i f i c  
r e s u l t s ,  c o u l d  c o n t r i b u t e  t o  t h e  i d e n t i f i c a t i o n  and r e s o l u t i o n  o f  s p a c e c r a f t  
f i r e  hazard concerns.  

A l though a i r c r a f t  f i r e  s a f e t y  problems 

N A l U H t  OF 1HE PROBLEM 

l h e  a i r c r a f t  f i r e  and e x p l o s i o n  t h r e a t  i s  complex and d i v e r s i f i e d ,  i n v o l v - -  
i n g  a v a r i e t y  o f  m a t e r i a l s  ( f u e l ,  engine and h y d r a u l i c  o i l s ,  i n t e r i o r  cab in  
m a t e r i a l s ,  me ta l s ,  e t c . ) ,  wh ich  a r e  sub jec ted  t o  a broad span o f  n a t u r a l  and 
induced o p e r a t i n g  env i ronment  c o n d i t i o n s  and p o t e n t i a l  exposure t o  a number o f  
i g n i t i o n  sources.  The l a t t e r ,  f o r  example, can i n c l u d e  e l e c t r i c a l  a r c s  and 
sparks, f r i c t i o n  sparks,  h o t  sur faces ,  and open f lames.  I n  t h e  case o f  m i l i -  
t a r y  a i r c r a f t ,  combat o p e r a t i o n s  i n t r o d u c e  s i g n i f i c a n t  a d d i t i o n a l  means f o r  
f i r e / e x p l o s i o n  i n i t i a t i o n .  
t u r e  n e c e s s i t a t e s  " e a r l y "  and "heavy" emphasis on f i r e  p r e v e n t i o n ,  supplemented 
as necessary by f i r e  hardening,  d e t e c t i o n ,  ex t i ngu ishmen t / suppress ion ,  and 
c o n t r o l  measures. 

Achievement o f  an e f f e c t i v e  f i r e  p r o t e c t i o n  pos-  

A V I A l  I O N  FUELS 

I n  add ress ing  t h e  a i r c r a f t  f i r e  s a f e t y  i ssue ,  p r i o r i t y  a t t e n t i o n  must be 
g i v e n  t o  t h e  f u e l  onboard because o f  i t s  l a r g e  q u a n t i t y ,  w i d e l y  d i spe rsed  d i s -  
t r i b u t i o n ,  and r e l a t i v e l y  h i g h  f i r e / e x p l o s i o n  hazards.  Tab le  I summarizes 
t y p i c a l  p r o p e r t i e s  o f  m i l i t a r y  j e t  f u e l s  t h a t  a r e  deployed o p e r a t i o n a l l y  o r  
a r e  undergoing research  and development ( R & D ) .  A low f l a s h  p o i n t ,  v o l a t i l e  
f u e l ,  JP-4, i s  s t i l l  l a r g e l y  u t i l i z e d  by t h e  m i l i t a r y  because o f  wor ldwide  
a v a i l a b i l i t y  and per formance c o n s i d e r a t i o n s .  A kerosene f u e l  s i m i l a r  t o  com- 
m e r c i a l  J e t  A-1 f u e l ,  JP-8, i s  u t i l i z e d  i n  t h e  U n i t e d  Kingdom and i s  be ing  
cons idered f o r  NAlO-wide use i n  t h e  ve ry  near  f u t u r e .  The JP-8 f u e l ,  l i k e  
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JP-5, which i s  u t i l i z e d  by t h e  Navy f o r  s a f e r  a i r c r a f t  ope ra t i ons  o f f  o f  c a r -  
r i e r s  because o f  i t s  h i g h e r  f l a s h  p o i n t ,  o f f e r s  cons ide rab le  s a f e t y  advantage. 
A i r  Force f u e l  R&D a c t i v i t i e s  have r e c e n t l y  focused on t h e  use o f  (1)  a l t e r -  
n a t e  sources such as o i l  shale,  t a r  sands, and coa l  l i q u i d s  as a means f o r  
a s s u r i n g  f u t u r e ,  secure, domest ic  supp ly  o f  acceptab le  q u a l i t y  j e t  f u e l s ;  as 
w e l l  as ( 2 )  t h e  development o f  a h i g h  d e n s i t y ,  naphthenic-based f u e l  ( r e f e r r e d  
t o  as JP-8X) o f f e r i n g  a v o l u m e t r i c  energy d e n s i t y  up t o  15 pe rcen t  g r e a t e r  
t han  JP-4. 

Fo r  m i l i t a r y  a i r c r a f t ,  g u n f i r e / p r o j e c t i l e  impacts  can induce b o t h  u l l a g e  
exp los ions  and d r y  bay f i r e s .  The genera t i on  o f  f lammable f u e l - a i r  m i s t s  
w i t h i n  t h e  f u e l  t ank  as a r e s u l t  o f  p r o j e c t i l e  p e n e t r a t i o n  a l s o  renders low-  
v o l a t i l i t y  f u e l s  v u l n e r a b l e  t o  i g n i t i o n ;  a l though,  i n  genera l ,  t h e  f i r e  hazard 
i s  cons idered t o  be l e s s  w i t h  t h e  h i g h e r  f l a s h  p o i n t  f u e l s .  Dur ing  a i r c r a f t  
c rash  s i t u a t i o n s ,  s i m i l a r  e x t e r n a l  d i s p e r s i o n  o f  f u e l  i n  a i r  can occu r  as a 
r e s u l t  o f  f u e l  t a n k  r u p t u r e  and s t r u c t u r a l  f a i l u r e .  The l a t t e r  renders  low-  
v o l a t i l i t y  f u e l s  s u s c e p t i b l e  t o  i g n i t i o n  and a r a p i d  f i r e b a l l - f l a m e  spread 
response, the reby  compromising crew and passenger s a f e t y  under what i n  some 
ins tances  would have been an impac t -su rv i vab le  s i t u a t i o n .  Over t h e  years ,  
v a r i o u s  approaches have been i n v e s t i g a t e d  t o  render  j e t  f u e l s  sa fe .  Most 
r e c e n t l y ,  t h e  ma jo r  e f f o r t  i n  t h i s  a rea  has been th rough  a c o o p e r a t i v e  program 
between t h e  U n i t e d  S t a t e s  and t h e  Un i ted  Kingdom t o  de termine t h e  f e a s i b i l i t y  
o f  deve lop ing  a n t i m i s t i n g  f u e l s  u s i n g  a B r i t i s h - d e v e l o p e d  a n t i m i s t i n g  kerosene 
( A M K )  a d d i t i v e  i n  a J e t  A,  l o w - v o l a t i l i t y ,  f u e l .  T h i s  program progressed t o  
t h e  f u l l - s c a l e  t e s t i n g  s tage i n v o l v i n g  a c o n t r o l l e d  impact  demonst ra t ion  w i t h  
a Boeing 720 a t  Edwards AFB, C a l i f o r n i a  i n  1984. The Boeing 720 f l e w  success- 
f u l l y  u s i n g  t h e  t r e a t e d  f u e l ;  however, t h e  degree o f  f i r e  p r o t e c t i o n  p r o v i d e d  
by t h e  AMK f u e l  was judged t o  be inadequate f o r  t h e  Federa l  A v i a t i o n  Adminis- 
t r a t i o n  ( F A A )  t o  proceed w i t h  r u l e  making a t  t h e  p r e s e n t  t ime .  The FAA spon- 
sored a Fuel  S a f e t y  Workshop i n  t h e  f a l l  o f  1985 t o  h e l p  shape a f u t u r e  program 
o f  a c t i v i t y  i n  t h i s  a rea .  The d e t a i l s  o f  t h e  p lanned f u t u r e  program have n o t  
been o f f i c i a l l y  announced. 

A i r  Force f u e l  R&D a c t i v i t i e s  a r e  c u r r e n t l y  a l s o  f o c u s i n g  on t h e  needs 
o f  f u t u r e  superson ic  and hyperson ic  v e h i c l e s .  
t i o n  t o  t h e  usua l  d e s i r e d  performance p r o p e r t i e s ,  a f u e l  w i l l  need t o  p r o v i d e  
a h i g h  hea t -s ink  c a p a b i l i t y .  A t y p i c a l  f u e l  hea t . - s ink  requ i rement  t r e n d  f o r  
high-Mach f l i g h t  v e h i c l e s  i s  d e p i c t e d  i n  f i g u r e  1.  C u r r e n t  o p e r a t i o n a l  hydro-  
carbon f u e l s  o f f e r  o n l y  a h a l f  MJ/kg ( s e v e r a l  hundred B t u / l b )  h e a t - s i n k  capa- 
b i l i t y .  One approach be ing  cons idered i s  t o  use an endothermic f u e l .  A 
t y p i c a l  scheme i s  represented  by t h e  dehydrogenat ion o f  methy lcyc lohexane 
( f i g .  2 ) ,  r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  t o l u e n e  and hydrogen and o f f e r i n g  a 
t o t a l  hea t  s i n k  o f  app rox ima te l y  4 . 4  MJ/kg (1900 B t u / l b ) .  A c t u a l l y ,  t h e  A i r  
Force sponsored much research  i n  t h i s  a rea  i n  t h e  1960 's  and i s  moving ahead 
w i t h  t h i s  techno logy  o p p o r t u n i t y  once aga in .  Obv ious ly ,  a number o f  o t h e r  
cand ida te  f u e l s  e x i s t s ,  as shown i n  t a b l e  11, i n c l u d i n g  c ryogen ic  hydrogen. 
Var ious  system s a f e t y  i ssues ,  i n c l u d i n g  f i r e  s a f e t y ,  w i l l  need t o  be addressed 
as progress  towards t h e  a c t u a l  system a p p l i c a t i o n  o f  these f u e l s  i s  made. 

Fo r  these  a p p l i c a t i o n s ,  i n  add i -  

A I R C R A F l  FUEL SYSTEM EXPLOSION PROTECTION 

I n  a i r c r a f t  f u e l  systems, by and l a r g e ,  t h rough  t h e  a p p l i c a t i o n  o f  appro-  
p r i a t e  f i r e / e x p l o s i o n  p r e v e n t i o n  measures, normal o p e r a t i o n  mishap p o s s i b i l i -  
t i e s  have been adequate ly  min imized.  I n  t h e  case o f  m i l i t a r y  systems, t h e  
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combat scenar io  has n e c e s s i t a t e d  i n c o r p o r a t i o n  o f  a d d i t i o n a l  f i r e  and e x p l o s i o n  
p r o t e c t i o n  measures. Cur ren t  p r a c t i c e  i n c l u d e s  t h e  use o f  r e t i c u l a t e d  p l a s t i c  
foam e x p l o s i o n  suppressants  ( i . e . ,  p o l y e s t e r  and p o l y e t h e r  po l yu re thane  
foams); b romot r i f l uo romethane  (CF3Br, Halon 1301) i n e r t i n g  on a p a r t - t i m e  
bas i s ;  and l i q u i d  n i t r o g e n  i n e r t i n g  f o r  f u l l - t i m e  p r o t e c t i o n .  Ma jor  c u r r e n t  
R&D e f f o r t  i s  d i r e c t e d  towards t h e  development o f  an onboard i n e r t  gas 
g e n e r a t i o n  system (OBIGGS) w i t h  f i r s t  l i k e l y  a p p l i c a t i o n  t o  be on t h e  C-17 
a i r c r a f t  c u r r e n t l y  under development f o r  t h e  A i r  Force by McDonnell-Douglas. 
Research i s  c o n t i n u i n g  by t h e  A i r  Force f o r  t h e  development o f  more e f f i c i e n t  
a i r  separa t i on  membranes f o r  OBIGGS t o  enable a p p l i c a t i o n  t o  f i g h t e r  a i r c r a f t ,  
as w e l l  as t o  reduce subsystem we igh t  p e n a l t y  f o r  t h e  l a r g e r  a i r c r a f t .  Actu-  
a l l y ,  t h e  c u r r e n t  OBIGGS techno logy  i s  ve ry  c o m p e t i t i v e  w i t h  o t h e r  s t a t e - o f -  
t h e - a r t ,  f u l l - t i m e  f u e l  t ank  e x p l o s i o n  p r o t e c t i o n  systems, and compared t o  
LN2, i t  o f f e r s  c o n s i d e r a b l e  advantage i n  wor ldwide  l o g i s t i c a l  independence. 
References 102 t o  111 p r o v i d e  a d d i t i o n a l  i n f o r m a t i o n  on t h e  above approaches 
as w e l l  as on some o f  t h e  e l e c t r o s t a t i c  hazard problems encountered o p e r a t i o n -  
a l l y  w i t h  r e t i c u l a t e d  foams. Wi th  respec t  t o  t h e  l a t t e r ,  i n d u s t r y  e f f o r t s  a r e  
underway t o  deve lop  a more conduc t i ve  r e t i c u l a t e d  b a f f l e  foam, w i t h  an accept -  
a b l e  p roduc t  l i k e l y  t o  be a v a i l a b l e  ve ry  soon. 

I 

HYDRAULIC F I-UI DS 

I n  t h e  area  o f  a i r c r a f t  h y d r a u l i c  systems, t h e  preponderance o f  f i r e  p rob-  
lems has been exper ienced w i t h  m i l i t a r y  a i r c r a f t ,  wh ich  f o r  years  employed a 
pe t ro leum-base h y d r a u l i c  f l u i d  (MIL-H-5606). By comparison, c i v i l  exper ience 
w i t h  t h e  more f i r e - r e s i s t a n t  phosphate -es te r - t ype  h y d r a u l i c  f l u i d  has been ve ry  
f a v o r a b l e .  Because o f  performance and m a t e r i a l s  c o m p a t i b i l i t y  reasons, t h e  
phospha te -es te r - t ype  f l u i d  i s  n o t  accep tab le  f o r  m i l i t a r y  a i r c r a f t .  Recent ly ,  
m i l i t a r y  a i r c r a f t  have been c o n v e r t i n g  t o  MIL-H-83282, a s y n t h e t i c  hydrocarbon 
w i t h  a much h i g h e r  f l a s h  p o i n t  temperature,  which i s  t o t a l l y  accep tab le  i n  
e x i s t i n g  o p e r a t i o n a l  a i r c r a f t  systems. S ince  t h e  m id - l970 ' s ,  t echno logy  e f f o r t  
has a l s o  been f o c u s i n g  on t h e  development o f  a nonflammable h y d r a u l i c  f l u i d  f o r  
f u t u r e  advanced m i l i t a r y  a i r c r a f t  a p p l i c a t i o n s .  Th is  techno logy  ( r e f s .  112 t o  
119) has progressed t o  t h e  s e l e c t i o n  o f  a C T F €  (chlorotrifluoroethylene) f l u i d  
f o r  use i n  a 55-MPa ( 8 0 0 0 - p s i )  system, and t h e  f l u i d  i s  scheduled f o r  demon- 
s t r a t i o n / v a l i d a t i o n  i n  t h e  near  f u t u r e .  Table 111 summarizes s e l e c t e d  p roper -  
t i e s  o f  c u r r e n t  and cand ida te  nonflammable h y d r a u l i c  f l u i d s  as w e l l  as t h e  
f i r e  p r o p e r t i e s  goa ls  t h a t  were e s t a b l i s h e d  i n  1975 f o r  t h e  sc reen ing  o f  can- 
d i d a t e  m a t e r i a l s .  

PROPULSION INSTALLATIONS 

P r o p u l s i o n  i n s t a l l a t i o n s  have i n h e r e n t l y  been t r e a t e d  as h i g h  f i r e - t h r e a t  
areas;  consequent ly ,  a w e l l  e s t a b l i s h e d  f i r e  p r o t e c t i o n  eng ineer ing  c a p a b i l i t y  
e x i s t s .  Much o f  t h i s  c a p a b i l i t y  evo lved f rom t h e  e a r l i e r  days when f u l l - s c a l e  
eng ine /nace l l e  f i r e  t e s t s  were conducted by t h e  CAA i n  I n d i a n a p o l i s ,  I nd iana ,  
and subsequent ly  by t h e  F A A  a t  t h e  A t l a n t i c  C i t y ,  New Jersey  t e s t  f a c i l i t i e s .  
l e s t i n g  was conducted i n  suppor t  o f  b o t h  m i l i t a r y  and c i v i l  a p p l i c a t i o n s .  To 
my knowledge, t h e  o n l y  ongoing t e s t i n g  o f  t h i s  t y p e  i s  a t  t h e  FAA f a c i l i t y  f o r  
t h e  A i r  Force u t i l i z i n g  a s u r p l u s  F-111 a i r c r a f t  fuselage/TF30 engine as  t h e  
t e s t  a r t i c l e .  T h i s  t e s t i n g  i s  f o c u s i n g  on j e t  f u e l  i g n i t i o n  f i r e  d e t e c t i o n  
and f i r e  e x t i n g u i s h i n g  agent  c o n s i d e r a t i o n s  under a broad range o f  a i r  mass- 
f l o w  v e n t i l a t i o n  r a t e s  and tempera ture  c o n d i t i o n s  r e p r e s e n t a t i v e  o f  t o d a y ' s  
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t u r b o f a n  engine i n s t a l l a t i o n s  i n  m i l i t a r y  a i r c r a f t .  A t  t h e  same t ime,  a t  t h e  
Aero P ropu ls ion  Labora tory ,  s i m i l a r  t e s t s  a r e  be ing  performed i n  an engine 
n a c e l l e  f i r e - t e s t  s i m u l a t o r  f o r  t h e  purpose o f  e s t a b l i s h i n g  comparat ive f i r e  
p r o t e c t i o n  performance t r e n d s .  The engine n a c e l l e  s i m u l a t o r  was developed a 
few years ago as a p lanned a l t e r n a t i v e  t o  f u l l - s c a l e  t e s t i n g  because o f  t h e  
h i g h  c o s t  and f u t u r e  genera l  n o n a v a i l a b i l i t y  o f  a c t u a l  advanced engines f o r  
conduct  o f  p o t e n t i a l l y  d e s t r u c t i v e  f i r e  t e s t i n g .  

Wi th  rega rd  t o  engine compartment f i r e  and overheat  d e t e c t i o n ,  modern 
a i r c r a f t  a r e  l a r g e l y  equipped w i t h  cont inuous-e lement ,  h e a t - s e n s i t i v e - t y p e  
systems ( i . e . ,  pneumatic and e l e c t r i c a l  r e s i s t a n c e  t y p e s ) .  These systems p ro -  
v i d e  l i n e  coverage and r e q u i r e  5 t o  15 sec f o r  response. Dual l oop  coverage 
has been i n c o r p o r a t e d  i n  c e r t a i n  i ns tances  t o  reduce p a s t  f a l se -warn ing  p r o b -  
lems. For  advanced f l i g h t  v e h i c l e s ,  d e t e c t i o n  systems w i l l  r e q u i r e  h i g h  r e l i -  
a b i l i t y ,  q u i c k  response, and t h e  a b i l i t y  t o  d i s c r i m i n a t e  more c l e a r l y  between 
f i r e  and overheat  c o n d i t i o n s .  The l a t t e r  w i l l  n e c e s s i t a t e  more emphasis on 
o p t i c a l  sensors ( u l t r a v i o l e t ,  i n f r a r e d  t y p e s )  i n t e g r a t e d  w i t h  cont inuous  e l e -  
ment systems. It should be p o i n t e d  o u t  t h a t  ve ry  l i t t l e  R&D i s  c u r r e n t l y  i n  
p rogress  i n  t h i s  a rea .  A few years ago, an advanced u l t r a v i o l e t  a i r c r a f t  f i r e  
d e t e c t i o n  system was developed f o r  t h e  A i r  Force ( r e f .  120) and i n s t a l l e d  i n  
an F-111 a i r c r a f t  a t  t h e  Sacramento A i r  L o g i s t i c s  Center, McC le l l an  AFB, 
C a l i f o r n i a ,  f o r  f l i g h t  t e s t  e v a l u a t i o n .  The p lanned e v a l u a t i o n  was success- 
f u l l y  accomplished; t h e  system s t i l l  remains i n s t a l l e d  and i s  pe r fo rm ing  
s a t i s f a c t o r i l y .  

Ex t ingu ishment  o f  engine compartment f i r e s  i s  p r e s e n t l y  accomplished by 
means o f  f i x e d  systems employing halogenated hydrocarbon agents .  No ma jo r  
t e c h n o l o g i c a l  advancement has been made i n  t h i s  a rea  i n  r e c e n t  years .  Ha lo -  
genated f i r e  e x t i n g u i s h i n g  agents t h a t  were researched m a i n l y  i n  t h e  1940 's  t o  
e a r l y  1960 's  and used on a i r c r a f t  a r e  i n d i c a t e d  i n  t a b l e  I V .  P resent  day 
p re fe rence  i s  f o r  Halons 1301 and 1211, which o f f e r  t h e  b e s t  combina t ion  o f  
performance, low t o x i c i t y  hazard, and reasonable a v a i l a b i l i t y / c o s t .  The 
Boeing Company has r e c e n t l y  completed a f a v o r a b l e  i n v e s t i g a t i o n  o f  t h e  f i r e  
e x t i n g u i s h i n g  per formance p o t e n t i a l  o f f e r e d  by v a r i o u s  n i t r o g e n - e n r i c h e d  a i r  
(NEA)  m i x t u r e s  as an a n c i l l a r y  f u n c t i o n  o f  OBIGGS ( r e f .  102 ) .  Use o f  NEA f o r  
con t inuous  p u r g i n g  o f  e l e c t r o n i c  c a b i n e t s  and f i r e  c o n t r o l  onboard s p a c e c r a f t  
would a l s o  appear t o  m e r i t  c o n s i d e r a t i o n .  

A I R C R A F I  POST-CRASH/ INTERIOR C A B I N  F I R E S  

l h e  a i r c r a f t  s u r v i v a b l e  impact ,  pos t - c rash  f i r e  scenar io  and t h e  c l o s e l y  
i n t e r t w i n e d  i n t e r i o r  c a b i n  f i r e  problem have r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n  
i n  r e c e n t  years ,  b o t h  on a n a t i o n a l  and i n t e r n a t i o n a l  b a s i s  ( r e f s .  121 t o  127). 
l h e  pos t - c rash  f i r e  scenar io  i s  a d i f f i c u l t  one t o  contend w i t h .  The e n v i r o n -  
ment r a p i d l y  d e t e r i o r a t e s  f rom thermal ,  chemical ,  and v i s i b i l i t y  v iewpo in ts .  
Tox ic  and i r r i t a n t  p roduc ts  generated have r a p i d  d e b i l i t a t i n g  e f f e c t s .  The 
t r a u m a t i c  s i t u a t i o n  makes b r e a t h - h o l d i n g  e s s e n t i a l l y  imposs ib le  and p a i n  t h r e s -  
ho lds  a r e  r a p i d l y  reached. The c a b i n  can become a t o t a l l y  l e t h a l  env i ronment .  
Th is  a l s o  i s  t r u e  o f  ramp and i n - f l i g h t  f i r e s  i f  t h e  f i r e  source i s  l a r g e  
enough. Time, measured i n  seconds, i s  a key f a c t o r  'n  s u r v i v a l .  

Approaches f o r  enhancing t h e  c rash  wor th iness  o f  t h e  a i r c r a f t  i n c l u d e  t h e  
use o f  c r a s h - r e s i s t a n t  f u e l  tanks  where f e a s i b l e ,  p r o t e c t i o n  o f  f u e l  system 
components, development o f  f i r e - s a f e  f u e l s ,  i n c r e a s i n g  t h e  f i r e  wor th iness  o f  
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i n t e r i o r  m a t e r i a l s ,  improv ing  i n t e r i o r  emergency l i g h t i n g ,  and p r o v i d i n g  more 
I f i r e - r e s i s t a n t  escape s l i d e s .  The b u l k  o f  t h e  a c t i v i t y  i n  these areas has 

been pursued by t h e  FAA and NASA. Sarkos ( r e f .  127) p rov ides  an e x c e l l e n t  
summary o f  e f f o r t s  d i r e c t e d  toward improv ing  a i r c r a f t  i n t e r i o r  s a f e t y .  The 
work i n  t h e  l a t t e r  a rea  o b v i o u s l y  should have d i r e c t  a p p l i c a b i l i t y  t o  t h e  
s p a c e c r a f t  f i r e  s a f e t y  problem, p a r t i c u l a r l y  where use o f  a n o r m a l - a i r  h a b i t a -  
b l e  atmosphere i s  p lanned.  

Wi th  rega rd  t o  ex t ingu ishment  o f  f i r e s  w i t h i n  a i r c r a f t  i n t e r i o r  compart- 
ment areas,  f i r s t - a i d  f i r e  e x t i n g u i s h e r s  employing Halon 1211 (CF2BrC1) f i r e  
e x t i n g u i s h a n t  a r e  now be ing  u t i l i z e d  by bo th  m i l i t a r y  and c i v i l i a n  a i r c r a f t  
because o f  i t s  s u i t a b i l i t y ,  t o  some degree, f o r  a l l  c l asses  o f  combust ib les ,  
e x c l u d i n g  meta l  f i r e s .  Se lec ted  h i g h e r  hazard areas,  such as g a l l e y s  and 
r e f u s e  b i n s  w i t h i n  l a v a t o r i e s ,  i n  c e r t a i n  cases have been equipped w i t h  f i x e d  
f i r e  e x t i n g u i s h i n g  systems u s u a l l y  o f  t h e  Halon 1301 (CF3Br) t y p e .  
Halon f i r e  e x t i n g u i s h a n t s  i n  oxygen-enr iched and hyperba r i c  chambers depends 
i n  p a r t  on t h e  e x t e n t  o f  oxygen enr ichment  and should be c a r e f u l l y  and i n d e -  
penden t l y  assessed f o r  each a p p l i c a t i o n .  Depending on t h e  r a p i d i t y  o f  f i r e  
ex t i ngu ishmen t  a c t i o n ,  d i f f e r e n t  degrees o f  agent  p y r o l y s i s  can be exper ienced.  
Consequently, i n  assess ing  t h e  o v e r a l l  t o x i c i t y  hazard, c o n s i d e r a t i o n  must be 
g i v e n  t o  b o t h  t h e  byproducts  formed by t h e  f i r e  and t h e  e x t i n g u i s h a n t  u t i l i z e d .  
Removal o f  p o t e n t i a l l y  t o x i c  byproducts  f rom t h e  s p a c e c r a f t  atmosphere a f t e r  
e f f e c t i n g  f i r e  c o n t r o l  w i l l  a l s o  r e q u i r e  s p e c i a l  a t t e n t i o n  i n  o r d e r  t o  resume 
sa fe ,  normal ope ra t i ons .  

I 

Use o f  

CONCLUDING REMARKS 

I n  summary, d u r i n g  t h e  p a s t  15 years ,  ve ry  s i g n i f i c a n t  p rogress  has been 
made toward  enhancing a i r c r a f t  f i r e  s a f e t y  i n  b o t h  normal and h o s t i l e  (combat) 
o p e r a t i o n a l  env i ronments.  I have a t tempted t o  touch  on most o f  t h e  major  
aspects  o f  t h e  a i r c r a f t  f i r e  s a f e t y  problem and n e c e s s a r i l y  have had t o  l i m i t  
t h e  depth  o f  coverage. The techno logy  o f  a i r c r a f t  f i r e  p r o t e c t i o n ,  a l t hough  
n o t  d i r e c t l y  a p p l i c a b l e  i n  a l l  cases t o  t h e  p o t e n t i a l  s p a c e c r a f t  f i r e  scenar-  
i o s ,  neve r the less  does p r o v i d e  a s o l i d  founda t ion  t o  b u i l d  upon. Th is  i s  p a r -  
t i c u l a r l y  t r u e  o f  t h e  e x t e n s i v e  research  and t e s t i n g  p e r t a i n i n g  t o  a i r c r a f t  
i n t e r i o r s '  f i r e  s a f e t y  and t o  OBIGCS, bo th  o f  which a r e  s t i l l  a c t i v e  areas o f  
i n v e s t i g a t i o n .  
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F i g u r e  1 .  - T y p i c a l  f u e l  h e a t - s i n k  r e q u i r e m e n t  t r e n d  f o r  high-Mach-number 
f l i g h t  v e h i c l e s .  
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2 

METHYLCYCLOHEXANE TOLUENE HYDROGEN .......................................... 
COOLING CAPABILITY M J l k g  OF FUEL 

SENSIBLE HEAT (MCH.  1 5 - 5 4 O o C )  

H E A T  OF R E A C T I O N  A T  5 4 0 ° C  

SENSIBLE HEAT (PRODUCTS, 5 4 0 - 7 3 0 ° c )  

1 . 7 3  

2.05 

.6 5 

TOTAL 4 . 4 3  
- 

F i g u r e  2 .  -. Endothermic d e h y d r o g e n a t i o n  o f  m e t h y l c y c l o h e x a n e  ( M C H ) .  
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